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iron, nickel,

Az atte:n:t ‘w25 mads at Brookkaven 1o define
the corrosioa ncc?u;xszn of stainiess steels by study-
ing the -corrosios. z:xd interacticon:of ‘%Jre cobalz,

a&é chromiun [in sodia. (1) A continu-

ous- .st*mg o"~ polished snecmcns arranged in Tepeat-
ed prouDs of four in t}:e oxder
for 1000 hor's to 1200 to 1400 F- sodmn in tke hot

§isted Nas exposed

. leg: of a Type 316 'stainiess steel &eml-conrec-

" ticn 1oop (about 0.1 ftjsec sodium yvelocity). The
cz{fusma-zyve cold-trap wis mmtzmed at 225, ;»90,
or “‘700°F, giving. nezsur-d oxygen levels in the

sodium of 4,

16, or 11¥ pp=, mpectn'clv The

fo.lowmpobsen'atxons Tesulted:

v (1) A1 specz:ens wera etched by grain-
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boundary attack except for -the ‘hropiue
specimens exposec. to XIO-ppu-oxygen
scdm-. These sho'-f-'d a dark gray sur-

’facv' £filn,

) Mckﬂi Specirens: lost weighz {up to 27

ng]c:-), while iron and cobalt speci-

-mens gained:weight (up-to 0.8 ‘mgfen?).

Glromuq specimens showed little or no
weight change.

ALl four elements migrated. As -the

‘oXygen content of the-sodium was in-

creased from 4 to 110 $pa,. deposition
of 1r;xn increased- sharply,. deposition
of nhickel didwnot change, deposition
of ch'omun increased slightly, and

only J:r‘ces of cobalt deposition were

fotmrid

In-order to explore the limits of perform-
-ance at poteitial hot-spot conditions in a- liquid-
netal-coolea fast-breeder reactor J{IMFBRY, General
Electric: extended its previous 1200 F maximum-
temperature 1loop studies to 1300.. (2) corrosion
specimens of Types 304 and 315 stainless =teel were
exposed. for.periods up to 3600 hours to 'sodium cgn-
taining less ‘than 19 ppm oxygen and flowing at up
to 30 ft/sec with a cold-leg témperature of 800 F.

The Fesdarchers summarized thezr findings as: follows.

m

This document is subject to special. exporc contro

Corrosion ra.tes at sodium velocities
less than about 15 ft/séc.are approxi-

- -hately 11near1y dependent on velocity,

Increasing sodium velocity above 15 £t/
sec produces a progressively smaller
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increzse in corrosion unzil 30 ftfsec,
above which corrosion dppeats indepén-
dent of velocity.

(2) Corrosion ratcs measured at 2 single

velocxzy but at successive posstxo-xs
donstrezn {with resuftant mcreasmg
saturatica of shé sodiiim with ¢or50sion
pmducts) were -foana to decsease by 59

'to 75 percent.

3) Changmg sodiue R3SS flow in the xang"

0.5 10 1.0- £p3 at the 323e Sodium ve:

‘Bocity (about 3 ft/sec ¥ith-Reynold's.

number less than 10,000) produced. less
than 10 .percéat increase in corrosion

Tate.

(4J Significant reductions in chromjun, nick-

el, and manganese were-observed on. sur-
faces. of cotrosion samples. The reia-
tive a::ount of loss for each was depen-
dent on éxposuxe comhtmns. In sepa-
Tate- exvennents that differed in sod-
iz n*.'elc": ; ‘and, therefore, in total
corTosion, the pattern of mbvement of
chronmn and nickel was different but
nanganese szayed thersanve. Nickel move-
Bent was more sensitive to velocxty than

chro-um, showmg*a greatur 1oss at
higher sodiux velocztxes.

{5) An expennent coxpa—mg corrosmn of

Jure iron surfaces to corrosion of
Type 316 stainless steel surfaces in a
loop hot leg showed that alloy composz-
tion playcd a sxgnzfxcant role in the
corrosxon process. The iron surfaces
‘gained weight -and approached: 2 composi~
tion-near that of the stainless steel
surfaces.

(6) "’urbulence and agtivity of auoy con-

stituents in sodium solution played the
dominant role in cold-leg deposztlon.
An increase of sodmm velocxty from S
to- 10- ft/sec resulted in 85 percent in-
crease in rate of deposn:mn of corro-
sion prodiicts.

(7) Various cavrbides (Mz;c(,, M7C3) and NaCrO,

have been. identified in the deposits
£from the cold leg..

and each- traxuu!.ttal to forcizn goverrnents or foreign muon.\ls gay be nade only
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d {8) Mucleation of part-cu!ates in the sod-
y ium styead vpon cocling dnd subsequetit *

_ deéposition on cold-leg-surfaces is be-
lieved to be a more likely process than
diffusion of elésental specics to sur-

ot faces followed by nucleation.

{9) Contrary to equilibrius co'zsxdmnons,
carbon transport was cbserved froz high
to lower tezperature Tegions. A correla-
tion was found in two separate test runs
between moverent of carbon and chromiua.
Carbon loss as high as 79 percent was
seasured for Type 316 stainless steel
at 1362 F.

{(10) Microstructural cha::ges were observed in
ali alleys -and appeare to be dependent
on cnrrosion rate and alloy composition.
Thrze general shanges were seen: (a) fer-
ric surface phase, (B) a zone ad;acent
to the surface and depleted in carbon,
and {c) localized and enhanced elementzl
leaching at grair boundaries.

(11) Carbon movenent had 2 profound effect on
picyostructural changes by reducing ‘the
normal carbide precipitation and enhanc-
ing formation of intermetallic phases.
Contmued developmeni of these changes
implies major effects on long-term creep
and rupture properties.

Looo experipents were conducted at Atemics
Internano‘nal in which high-purity 1200 F sodium was
saturated with corrosion products at the inlet to the
Type 316 stainless steel test section, while the test-
section surface was subjected to 2 constant heat flux
of about 165 Btu/(ft2) (hr) by internal heating to
produce a 55 F temperature rise along its ,.5-inch
length, The objective was to note the effects of
velocity (19 and 23 ft/sec) and temperature on corro-
sion without introducing extraneous system-dependent
effects. From the observed velocity effeéts, the
ccrrosion rate was concluded to be controlled by
liquid diffusion.

With the difference between the concentration
of dissolved metal in sodium next to the surface and
of the dissolveé metal in the bulk of the liquid as
the driving force for metal dissolution, expressions
were derived for the maximum corrosion rates at vari-
ous locations along the test section and then com-
pared with the measured rates. Reasonable agreement
was obtained when the lowest published solubility
data of iron in sodium was used, indicating that the
theory may be useful for predicting the maximum corro-
sion rate of cladding under reactor operating condi-
tions,

Effects of Sodium on Mechanical Properties
on Cemponent Materials

Loop tests were conducted at Atomics Inter-
national to evaluate the effects of steady and cyclic
heat fluxes [0.8 and 1.0 x 106 Btu/(£t2)(hr)] on
creep behavior of Types 304 and 316 stainless steel
tubes immersed in high-purity 1200 F sodium flowing
at 20 ft/sec.(4) Mass transfer was observed under
steady internal heating for up to 600 hours, but there
was no difference in creep behavior from that of tubes
stress-rupture tested in static sodium. Cyclic heat-
ing reduced the rupture life by a factor of 2 and
produced large changes in microstructure, strain pro-
file, and strain at failure. These effects were rela-

- tivély insensitive to:the nag‘nitu"de of the gyclic

heat flux, However, an increase in frequency re-
sduced the life 5f both annealed and cold-worked
Type 304 szainless stcel and had the opposite effecz
on cold-xorl:ed Type 316 stainless steel.

Zhe analysis indicates that repeated thermal-
Sstress relaxation, as a result of Leat-flux ¢ycling,
produces an inczecent of plastic strain for each
cycle, superigposed on cenventional biaxial cxzep
due to pressure. ‘mough this study is inadequate
to establish desizn criteria for cyclic action, it
does point to danger in designing fiel sheaths on the
basis of steady-state behavior. The mumerous reactor
transients that will be experienced during service
could be sufficient to produce end-of-life ductility
linits of irraliated. cladding.

Mine Safety cenducted an extended study on
the effects of sodiuvm and helium on design properties.
of Types 304 and 316 stainless steel to see whether
the ASTM allowable-code values for stainless steels
in air could be exténded to cover the.design of an
LMFBR system. Test conditions incliided stTess-free
exposures to high-oxyzen scdium, Righ-carbon sodium, -
¢lean sodjum, aad helium at 1200 and 1400 F; tensile
tests in air at 1200 and 1400 F; and. creep-rupture
tests at 1200 F in fiowing (20 ft/sec) clean sodium
for times up to 4000 hours. The summary report con-
cluded that, on the basis of the teénsile data and
extrapolated creen Jata, 'Iype 304 stainless steel
code vajues coirld be applied to zn IMFBR design with
allowances being made for the anticipated losses in
ductility.’S) For Type 314 stainiess steel, however,
some reduction in code values would be- warrantgd
with attention st111 given to thé ductility losses
noted.

The investigators reccmmended that, for both
steels, long-term (greater than 10,000-hour) creep.
data be obtained to determine the true longer term -

creep behavior instead of relying on extrapolation of
4000-hour data. The Type 316 stainless sieel appeared
stronger than the Type 304 in most cases during short-
time te.ting, However, when the data were extrapola-
ted, the strength dxfferences were less apparent.
fact, in some cases, the Type 304 alloy appeared
stronger. Of course, the fact that the results are
based on single heats of material and long extrapola-
tions suggests that they should not be considere2
final.

The following observations were made on the
basis of measurements of the room-temperature and
1200 F mechanical properties of a single heat of Type
316 stainless steel duvring ~xposure to air, helium,
and low-oxygen sodium:

Environment
Test Air Helium Sodium
Cyclic Fewest cycles Mest cycles Intermediate
strain to failure to failure
Stress No significant difference in rupture
rupture strength; ductility perhaps better in
sodiam

Creep Lowest rate Highest rate Intermediate
Tensile Small differences (less than 6 percent)
strength

In _
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¥hen the quantisative data from these tests
were cozpared with ASM detals Handbook data from
several heats of Type 316 <‘iinless steel tested in
air, the variations in properties uwing to environ-
mental differences were noted to be substantially
less than the variatiocns owing tc differences from
heat to heat of the steel. This is apparent from
the following tabulation:

MSAR ASM Data

Heats of Type 316 1 13
Stainless Steel

Exposure Environ-

©  ments Air, He, Na Air
Tepperature 1200 F 1200 F
Ultinate Tensile -
Strength Range, 48-51 42-64
ksi

0.2% Offset Yield

Strength Range, 26-27 12-39
ksi
Elongaticn Range _ 2

- percent » 44-38 23-63

A study of the application of Section VIII
of the ASME Boiler and Pressure Vessel Code to the
determination of allowable design stresses for low-
alloy steels in bimetallic sodium systems was con-
ducted at Gemeral Electric.(7)" The decarburiza.
tion that occurs during operation of such systems,
coupled with the corrosion and creep, leads to
progressively lower material stremgth and higher
stresses. The initial -design features of a model
system were determined for three different cases
under condirions at which the strain rate was the
controlling parameter. The rate of decarburiza-
tion to the equilibrium level influences the re-
sults, Since this iz controlled by geometry and
fluid dynamics, presence of other alloys, tempera-
ture profile, sodium chemistry, and other factors,
calculaticas «ere made for both rapid and slow
decarburization.

R Y o Ik T -

Tanle 1 shoxs the results for each case.

e initial design stress for arn expected lifetime
of 100,000 hours depends on the case, and ranges
from 69 to 78 percent of the code-allowzble stress.
Note that the thin «all in Case I leads to end-of-
life strains and strain rates that would probably
exceed the capabilities of the alloy. Case I
ieads to end-of-life strain rates that are highes
than the code-ajlowable value of 0,01%/1090 hours.
The use of total accumulated strain as the contrel-
ling criterion (Case I11), while requiring the
greatest wall thickness, appears to be the most
practical choice,

Corrosion cf Vanadium Alloys
by Sodium

As part of an Ozk Ridge program to study
interstitial mass transport between stainless steel
and vanadium, 40-mil sheet vanadium tensile speci-
mens are being exposed for 500 hours to 700 and
800 C (1290 and 1470 F% }ow-oxygéh sodium in stain-
less steel containers.(8) Two grades of vanadium,
commercial and high purity, were tested. The high-
purity material increased in oxygen, carbon, and
nitrogen, whereas the commercial material gsined
only carbon and nitrogen. The transport of carbon
and nitrogen from Type 304L stainless steel to the
vanadium was substantially greater at 800 C than
at 700 €. Interstitial trassport from titanium-
stabilized Type 321 stainless steel was negligible
at 700 C compared with that from Type 304L stain-
less steel. Room-temperature tensile ductilities
of both grades of vanadium re.s reduced by the
sodium exposures in Type 304L stainless steel con-
tainers. In contrast, testing in Type 321 stain-
less steel produced no measurable change in either
strength or ductility compared with the properties
of the control specimens after exposure to 700 C
argon for 500 hours.

In similar studies at Westinghouse with
vanadium-alloy inserts in pumped low-oxygen sodium
loops made of Type 316 stainless steel tubing and
operating between 1250 and 1470 F, the inserts
gained weight as a result of major increases in
nitrogen, carbon, and oxygen, particularly near the
exposed surfaces, For example, after 1500 hours
in 1450 F sodium containing less than 10 ppm oxygen

TABLE 1. SUMMARY OF DESIGN FEATURES AND OPERATING BEHAVIOR OF LOW-ALLOY STEEL FOR DIFFERENT INTERPRETATIONS

Model System

OF ASME CODE(9)

Temperature = 900 F
Pressure = 1803 psi

Corrosion rate of steel in sodium = 0.003 in. /100,000 hours.

Initial OD of Tubing = 1.50 in.
Expected Lifetime = 100,000 hours

FOSTEEIGT tor

End of Life

2ES - .,

ASME Code Initial Wall Initia® design  Estimated Operat- — Total Stralm, —Straln Fatp ol LAULIR

Interpretation Thickness, in. Stress, psi ing Stress, psi percent %/1000 hou}mc . Coue
2 [ %4
Slower Rate of Decarburization Pene,

Case x(?g) 0.106 13,100 15,990 10.3 0.32  wih e

Case 11700 0,133 10,150 10,650 1.0 0,032

Case 111'€ 0.149 9,060 9,300 0.3 0.01

More Rapid Rate of Decarburization

Case 148, 0.106 13,100 19,080 20.3 0.33 N

Case II(() 0.142 9,510 9,910 1.0 0.0175 e ¢ .

Case 111'¢ 0.149 9,060 9,370 0.65 c.o. . :

(2) Inftial strain rate at startup = 0.01%/1000 hours.

(b) Total creep strain after 100,000 hours = 1 percent.

(c) Strain rate at end of 1ife » 0.01%/1000 hours.
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and fiowing st 5 ft/sec, the 0.5-ail 5urf3ce Jayer
of a Vanstar-9 sample (V-5,4Fe-5. 3Cb-1.3Zr-0.06C)
showed the followitg increases in interstitial con-
tent: nitrogen sent from 80 to 21, 000 Epm; cazbon
went £rom S00 to 5500 ppm; and oxygen went from 550
to over 6000 ppm. The Type 316 stainless steel con-
tainment tubing, on the other hand, showed severe
depletion of both nitrogen and carbon at the sodxum—
exposed surface and nitrogen enrichment 2t the air-
exposed surface, Using available imterstitial dif-
fusion data, the reséarchers calculated the theo-
Tetical weight loss of dinterstitials in the stain-~
less steel under test-loop conditions and got ex-
cellent agreement with the measuyred weight gain 4n
the vanadium alloy, This provides z method of pre-
dicting the effects of material and surface-ares
changes on the behzvior of yanadium alloys in sod-
iun,

At Argonne, vanadium and selected higher
stréngth vanadium-base alloys were exposed to sod-
ium cold trapped at two temperatures (about 230 and
350 F, con'espondmg to about 6 and 13 ppm oxygen,
~espect1ve1y),( 0) ‘Both static (oxygen-refreshéd
autoclave) and dynamic (pumped loop) exposures were
made at temperatures from 840 to 129C F. Linear
rates of weight loss with time were noted at the
higher oxygen level, while much lower weight and
dimensional changes were observed at the lower oxy-
gen level, Typical curves are shown in Figure 1.
Unlike the Oak Ridge and Westinghouse results, pick-
up of interstitials by the vanadium alloys was
modest, especially for nitrogen and carben. Oxygen
was the major impurity transferred to the specimens.
Titanium as an alloying element caused increased
inpurity pickup and concentrated the impurities in
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FIGURE 1. CORROSION OF VANADIUM ALLOYS BY COLD-
TRAPPED SODIUM IN 3TATIC OXYGEN-
REFRESHED AUTOCLAVES (10)

a subsur zce band 19 to 100 u thick, The yanadivm-
chronium binaxy alloy #as the post corrosion resis-
tant and appears o offer promise as 2 fuel cladding.

Comyanson of static and dynamic (20 £t/sec
yelocity) corrosion rates for oxsgen levels of 15 to
20 ppm in the sodium at 1200 F showéd that an in-
crease in velocity resulted in an acceleration of
the corrosion process for the V-20Ti alloy. However,
the corrosion rate %as much morz sensitive to coid-
trap temperature than to sodium velocity. 7Thus;
very low-oxygen sodium may attack vanadium alloys
quite slowly, regardless of flow yelocny, At Ar-
gonne, velocity effects are being looked at separ-
ately. (113 A disk of yanadium was rotafed at dif-
ferent speeds in 600 C (1110 F) sodium containing
16 ppm of oxygen.” Periodic weighings of the disk
showed that at any given rotationdl speed, the Fate
of weight loss was cox)stant, increasing as the A
square root of the speed above about S0 rpm. 7This

type of dependency suggests that the diSsoluticn is
a 11qu1d»diffusxon-controlled process.

Inertne=5 of Molybdenum to.Sodium

A molybdenum-clad tantalum, contrnl—rod test
spacimen was exposed by Geperal Elgctric to 1020 §
sodium containing less than 10 ppm oxygen for 1000
hours in a dynamic loop (10 ft/sec velocity) to denm-
onstrate the noble nature of molybdenum-under FFIF
conditions before in-pile experimenss were under-
taken. (12 Following the exposure, visual appear-~
ancé, gas-pressure leax check, X-xay, ultrasonic,
weight check, and dimensional check all indicated
that the specimen had undergoﬁe absolutely no change,

CORROSION IN RANKINE-CYCLE SPACE POWER SYSTEMS

Lithium-Potassium Systems

A popular concept for nuclear spacecraft
propulsion involves an electric generator drlven by
a potassium-vapor turbine. The potassium is vapor-
ized in a boiler by heat from reactor-heated lithjum.,
The Jet Propulsion Laboratory constyucted and tested
a two-loop lithium-potassium facili(g to simulate
the major elements of this system, A1l material
that came in contact with fluids above 1500 F was
Cb-1Zr, with the exception of tungsten valve facings,
hot-trap getters, and the TZM (Mo-0.5Ti-0.08Zr~0.02C)
turbine wheel.

Initial operation of the system for about
1000 hours at lithium temperatures up to 2100 F with
a 10 percent bypass yttrium hot trap in the lithium
loop and 2200 ppn nitrogen and 700 ppm oxygen in the
lithium produced only minor grain-boundary notching
of the Ch-1Zr tubing. No evidence of mass transfer
of the yttrium was encountered, despite thinning of
the yttrium plates in the hot trap and analyses indi-
cating 5 weight percent yttrium in the lithium. Sub-
sequent operation of the system at similar tempera-
tures and times without hot trapping resulted in
extensive mass transfer of columbium throughout the
system and extensive contamination and corrosion of
the Cb-12r tubing.

Operation of the potassium loop both with
and later without a full-flow zirconium hot trap pro-
duced little change in the interstitial content of
the system tubing. Corrosion after both modes of
operation was minimal. Vapor quality had a marked
effect of erosion of the zubing. Low-quality vapor
(50 to 80 percent) eroded the outside radii of the
tubing and the throat of the turbine nozzle. Higher
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quality vapor had no observable erosive effect,
even wher run longer and at higher temperatures.

A comprehensive review of the compatibility
of structural materials with molten lithium is in-
cluded in a Lawrence Radiation Laboratory treatise
on lithium as a nuclear reactor coolant,il4) It
covers yartually all recorded lithium corrosion re-
search using static and dynamic systems, with basec
mexals, refractory metals, ceramics, and cermets.
There are special sections on the gffects .of lithium
on mechanical properties of refractory alloys, the
resistance of materials to erosion and wear in lith-
ium, and the solubility of containment.metals in

- Jithium,

Advanced tantalum alloys for Rankine-cycle
spacerpower systems are being tested by General -
Electric for resistance to attack by 1885 to 2400 F
1ithium in thermal-convection capsules,(15) Speci-
mens of T-111 (Ta-8W-2Hf), ASTAR 811C (Ta-8W-1Re-
0.7Hf-0.03C), and ASTAR 811CN (Ta-8W-iRe-1Hf-0.015C-
0.01N) were exposed for 5000 hours and thesn bend
tested and analyzed chemically and metallographical-
1y, Included were some specimens that had been pur-
posely contaminated with oxygen in both the welded
and unwelded conditions.

In almost every case, the posttest oxygen
content dropped to below 10 ppm (from as much as
387 ppm in oxygen-contaminated T-111, 248 ppm in
oxygen-contaminated .811C, and 59 ppm in noncontami-
nated 811C). The greatest corrosive attack was ob-
sexved in welded, oxygen-contaminated 811C specimens.
Apparently, excess oxygen was free to combine with
the lithium to produce platelet-type (intragranular)
attack up to 15 mils deep, as well as intergranular
attack throughout. Similar specimens given a 2400 F
heat treatment for 1 hour fo combine all of the oxy-
gen with hafnium prior to lithium exposure were not
attacked. On the basis of Cb-1Zr technology, if
there is more oxygen in the alloy than the amount
needed to oxidize all of the getter present (hafnium,
in the case of these tantalum alloys), these alloys
would be attacked by lithium regardless of heat
treatment.

Mass transfer of interstitials (carbon, ni-
trogen, and oxygen) from the hottest portion of the
capsule walls to the cooler end was cbserved. A
loss in stress-yupture life of the exposed 811CN
specimens tested at 20 ksi and 2400 F was attribu-
ted to heat-treatment effects rather than corrosive
attack oy the lithium.

The observed drastic increase in the appar-
ent Solubility of columbium in 1110 F potassium as
a result of increasing the oxygen content of the
potassium is commonly attributed to the formation
of potassium columbates. As an alternmative explana-
tion, Klueh analyzed the case where no texnary ox-
ides exist at equilibrium and the higher solubility
stems from a reduction in the activity of the colum-
bium by virtue of interactions between the two sol-
utes (oxygen and columbium) in the melt.(16) By ap-
plying Wagnerian interaction parameters, he was able
to obtain order-of-magnitude agreement with measured
oxygen distribution coefficients. Also, by use of the
phase rule at equilibrium at 1110 F, he showed that
there would be no partitioning of added oxygen, if
a third condensed phase (ternary oxide) were present.
Since partitioning definitely occurs, then the pres-
ence of the ternary oxide is ruled out.

Mercury Systems

Extensive testing of 9Cr-1Mo steel for the
tubes of a NaK-heated mercury boiler for the SNAP-

8 Rankine-cycle power-sonversion system revealed
that this materiai was not sufficiently resistant to
mexcury corrosion at 1100 F. Ia:view of the very
low solubility of tantalum in mercury, the feasibil-
ity of substituting tantalum for the S9Cr-1Mo steel
was studied at Aercjet-General.(17) The results of
a fabrication and corrosion-gest program indicated
considerable promise for bimetallic tubes coasist-
ing of tantalum liner bonded by hot coextrusion to
the 7D surface of a Type 316 stainless steel tube.
Av alternative tube configuration, which also ap-
pears acceptable for a 40,000-hour operating life,
consists of a circular tantalum tube inside an oyal-
section tantalum tube with stagnant NaK between
then and a eircular Type 321 stainless steel tube
around the outer one. Mercury flows in the inzer
tube and NaK flows in the .outer annulus.

In another part of the same program, it was
noted that mercury-loop <ontamination by air or Mix
4P3E, an organic fluid used for lubrication and
cooling in SNAP-8, resulted in the formation of re-
action products on the tantalum tube surface that
interfered with heat transfer. A six-step chemical
c¢leaning procedure, with distilled-water flushing
after each ctep, effectively removed the surface
£ilm,

SOLUBILITY OF MATERIALS IN LIQUID METALS

Because solubility is a basic parameter
which may be important in understanding the mecha-
nism of corrosion of materials by liquid metals,
numerous solubility studies are continually being
undertaken. Some results which have become avail-
able since mid-1969 are presented in Table 2. (18-21)
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SOVIET TRANSLATIONS

A 1968 Soviet treatise on correcsion by li-
quid metals is now available in English transla-
tion.(22) It begins with a review of the theories
of the various kinds of corrpsion by sodium (de- _ o
struction of surface films, dissolution, intergranu- _
lar penetration and mass transfer). A chapter i3
deyoted to corrosion of steels and nickel-baso == _ -
loys in static isothermal systems, Foi£ 15 Sfoliowed
by a chapter on corrosion under dypamie pol¥thirmal
conditions, including cor elations xith test  zssuifs

on steels, nickel-base al ‘oys, and reffactoly :fzji=.
A rather extensiye discus, ion of caxbor Zzansfer im
sodium systems ensues, Wi‘h Meygoyow's fongipsion  _

that carbon mizz5tes as £, widdeh fomms 257w meomls — -
of interactitn pf-<dissoly.d oxygén iens ii the 564~ i
ium with czzoon dons in th: steel. She flmal shap- - - 7
ter reviews various physico-chemiCal méechanisms of
corz0sioh apd carbon tyrusgfer in sodium and other

liquid metals; with emphasis on the importance of

the ionic nature of nonmetallic impurities in the

melts. This book represents a good summary of Sov-

iet corrosion research over the past decade, and the
author's approach to the general theory of corrosion

by liquid metals is noteworthy.
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A 437-page translation of a Soviet monograph
on thermal properties of metals contains brief chap-
ters on heat cagacity and thermal conductivity of
liquid metals.(23) The author, Filippov, reviews
the literature covering both theoretical and experi-
mental studies of these properties, makes some guard-
ed observations, and concludes that further experi-
mental studies are needed before positive correla- !
tions can be made He notes that the change in heat
capacity on melting ic generally small (3 percent for
tin, 3.5 percent for lithium, 1.5 percent for sod-
ium, 6 percent for lead, and negligible for mercury).
Further, he observes that curves of heat capacity of
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ali ot the above liyuid metals against the ratio of
abcslute temperature (T) to al.olute melting point

.rﬂg) fall within a narrow band.
‘»Qu ’ un,

peroent.

of ligquid metals.

Literature values for thermal conductivity
(&} ¢f molten tin, lead, cadwium, bismuthk, lithium,

sodium, and potassium generally show wide scatter

and are not amenable to treatment as a generalized
function of temperature. The ratio kgojid/k1iquid

For example, for
potassium, and lithium (Figure 2), the maxi-
win dev mtzon from the sverage (dotted) curve is 3
This suggests that it may be possible to
infer heat capacities from T/Tmp for 8 large number

Cp, cal/gram . otom - degree

at the melting point of many metsls is very close to
the ratio of electrical conductivities, the latter
ratio usually being slightly greater. The electron-

ic component of heat conduction follows the Widemann-
Frant law near the melting point, but deviates in-

creasingly with rising temperature.

TABLE. 2.

K
T
2 e ~
——-——""'
€85 14 18 22 2» 30 34
/T
FIGURE 2. SIMILARITY OF DEPENDENCE OF HEAT CAPACITY

ON T’T.p FOR THREE ALKALT METALS(23)

SOLUBILITY OF VARIOUS WATERIALY IN LIQUID METAL.

Tempersture Hest of Sclution,

Solvent Solute Solubijity fquation Range, K kcal/mole fReference
|3 Mo log(wppm Mo) « 2.2]1 = 0.1 - {1472 * 356}/T(K) 1040-1316 6.7 ¢+ 0.8 i8
* ¥ log(wppm W) = 5,02 ¢ 0.2} - (3851 » 243)/T(K}) 1055-1328 17.6 ¢ 3.2 13
Pb-35.% &1 Cu  log(wppm Cu) » 6.41 - 1920/T(K) 673-823 8.78 - 0.27 19
Pb-55.5 Bi  Co  log(wppa Co) = $.30 - 2834/T(K) 673-823 12.97 + 0.50 19
PL-35.5 Bi NI log{wppm N¢) = $.70 - 3000/T(K) 753-823 €.57 s 9.53 TS
?b-55.5 Bi  Cr  log{wppe Cr) » 3.98 - 2280/T(K} 673-823 10.43 ¢« 2.28 19
N3 Cu  log(wppm Cu) = 5.6362 - 3199,5/T(K) 595-999 14.6 <+ 0.7 20
Na Bi  log(at.\ Bi) = 1.188 - 2100/T(K) 398-562 9.6 21
Na Bi log{at.4 Bi) » €.900 - 4178/7(K) 563-923 19.1 23
Na Mo -2 wppm Mo {insufficient analytical sensitivity)®r3.127¢ o 21
Na Tt 1 to 16 wppm (no regulsr temperature dependence)873-13173 sre 21
Sa Cr 1 ty 200 wppm {lsrge scatter) 873-1273 B 21
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